A novel treatment of dissipation of energy from a "small" quantum system to a reservoir is presented.
The atom-laser interaction, responsible for absorption and stimulated emission processes, is coherent, whereas the coupling between the atom and the vacuum modes, responsible for spontaneous emission processes, is fundamentally incoherent. This leads to a dissipation of energy from the "small system" (atom+ laser) to the "reservoir" (vacuum We present here an alternative approach using a wave-function treatment to describe the atomic system. The apparent incompatibility between such a wavefunction approach and the inherent irreversibility of the spontaneous processes is lifted by introducing repeated "gedanken measurements" on the atomic system simulating the detection of the spontaneous photons. The random result of each of these measurements determines the atomic state afterwards, and is at the origin of the irreversibility.
We show that this treatment is equivalent to the standard density matrix approach leading to the OBE's.
There are two main interests in this approach. First, it gives new insights into the processes taking place in the interaction of an atom with light. Here we will give two examples concerning the Rabi transitory regime for a two-level atom and the "dark resonance" problem.
Second, it provides an efficient computational tool. If we consider an atomic system with N states, the master equation treatment requires the simultaneous solution of W OBE's, while in this new approach, we deal with wave functions and we have to look for the evolution of no more than W variables. For instance, in problems related to a quantum treatment of laser cooling, N includes both the number of internal and external atomic states and can be very large. This makes the density matrix approach unwieldy except for simple one-dimensional configura-I ttI(t+dt)) =I vr"'(t+dt))+ I tti"'(t+dt)), Ithr(t+dt)) on Ithr (t+dt)) or Ithrt')(t+dt)) and normalize the result. In a numerical study of this process, the randomness of the measurement result is mimicked by the choice of a pseudorandom number e uniformly distributed between 0 and I. The two possible cases e) dp and e & dp correspond respectively to the detection of 0 and 1 photon. After this gedanken measurement process, assuming that the detected photon has been destroyed, we get for e) dp or, for e&dp, I w(t+ch)) = Ig& l0), (3b) with p =(I -dp) ' ing agreement between cr(0) and p~( 0).
As an example we present the derivation of the Rabi transitory regime using the MCWF approach. In Fig.   I (a) we show the population of the excited state Ia, (t) I as a function of time for a given "history" for Ip(t)). The average of 100 of those sequences, all starting in g at t =0, is sketched in Fig. 1(b) , together with the result obtained from the OBE's. It is clear from Fig. 1(b) %'e now indicate how to handle situations~here the states e and g have degenerate Zeeman sublevels. At each step dt, we calculate as above the probability dp =I x, dt for emitting a spontaneous photon, where x, is the total population of the excited state e. Using dp we decide randomly whether a spontaneous photon is detect- [10] . In the MCWF approach, we first let~p o) evolve from 0 to i For a given . outcome~pa(t)) of this evolution, we form the two new states (g+ (0)) =p+. 'j (1+ A)~po(r)), where p~are normalization coefficients. Evolving now (g (r~)), we calculate c"(r) =(g, (r)(B(g"(r))(r =+ ), and we finally obtain c(r, r) =[p+c+(r) -p -c -(r)]/2.
This procedure, with an average over the different outcomes for )g+. (r)) for a given )po(t)), and then with a [14] , and to explore the cooling produced by velocity selective coherent population trapping [15] . The [19] .
[I] See, e.g. , C. [4] The atom-quantized-field coupling is also responsible for energy shifts (Lamb shifts) which we assume to be reincorporated in Ho. We suppose also that dt ))co~' , so that we can neglect the fact that on a time scale shorter than co&, the decay of a, is quadratic with time instead of linear.
